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A b s t r a c t -The peak widths and r e l a t i v e i n t e n s i t i e s o f t h e s i n g l y -and m u l t i p l y -c h a r g e d m o l e c u l a r i o n s appearing i n plasma d e s o r p t i o n mass s p e c t r a a r e used as a probe f o r t h e s t a b i l i t y o f m o l e c u l a r ions.
Two peptides, lysozyme and l a c t a l b u m i n , which have s i m i l a r m o l e c u l a r weights and t e r t i a r y s t r u c t u r e s , b u t d i f f e r e n t p r i m a r y s t r u c t u r e s and i s o e l e c t r i c p o i n t s , were prepared i n s o l u t i o n s o f d i f f e r e n t pH, b e f o r e a d s o r p t i o n t o n i t r o c e l l u l o s e f o i l s .
The peak widths o f t h e r e s u l t a n t molecular i o n s i g n a l s were minimized near t h e i r r e s p e c t i v e i s o e l e c t r i c p o i n t s , which i s c o n s i s t e n t w i t h r e p o r t s on t h e s t a b i l i t y o f t h e i r t e r t i a r y s t r u c t u r e s and/or enzymatic a c t i v i t i e s near t h e i s o e l e c t r i c p o i n t .
S i m i l a r s t u d i e s were c a r r i e d o u t w i t h t h e a d d i t i o n o f g l u t a t h i o n e , a m a t r i x which has e f f e c t s on PDMS spectra s i m i l a r t o t h a t o f t h e n i t r o c e l l u l o s e surface.
-INTRODUCTION
During t h e l a s t several years, a number o f new mass s p e c t r a l i o n i z a t i o n techniques have been developed, which employ h i g h l y e n e r g e t i c photon and p a r t i c l e beams. These i n c l u d e : l a s e r d e s o r p t i o n / I / , secondary i o n mass spectrometry 121, f a s t atom bombardment /3/ and plasma d e s o r p t i o n mass spectrometry 141. These techniques a r e o f c o n s i d e r a b l e i n t e r e s t t o biochemists, because ( d e s p i t e t h e h i g h p r i m a r y e n e r g i e s ) t h e y have enabled t h e d e s o r p t i o n o f i n t a c t m o l e c u l a r i o n s o f complex biomolecul es and t h e i r subsequent mass a n a l y s i s by mass spectrometry.
I n a d d i t i o n , t h e absence o f s u b s t a n t i a l and i n f o r m a t i v e gas phase f r a g m e n t a t i o n o f molecules above 5000 d a l t o n s suggests t h a t such i o n s a r e formed w i t h unusual s t a b i l i t y and w i t h v e r y 1 i t t l e i n t e r n a l energy.
I n t h e p a r t i c l e techniques, p r i m a r y i o n s have been used i n b o t h t h e k i l o v o l t and megavolt region. The l a t t e r were f i r s t employed f o r b i o m o l e c u l a r a n a l y s i s b y Macfarlane and Torgerson 141, who recorded t h e i r mass s p e c t r a u s i n g a t i m e -o f -f l i g h t analyzer.
While t h e major coherent i o n s i g n a l f o r l a r g e peptides i s observed as t h e m o l e c u l a r i o n peak, consi-derable f r a g m e n t a t i o n does occur i n t h e a c c e l e r a t i n g and d r i f t r e g i o n s o f t h e t i m e -o f -f l i g h t analyzer, b u t c o n t r i b u t e s p r i m a r i l y t o t h e i n c o h e r e n t b a s e l i n e and t h e peak w i d t h /5-8/, and i s l a r g e l y due t o t h e l o s s o f small p e r i p h e r a l groups /5,9,10/.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1989207 I n t h e PDMS technique, samples a r e deposited on a t h i n aluminum o r a l u m i n i z e d m y l e r f o i l by e l e c t r o s p r a y i n g a c i d i c s o l u t i o n s o f t h e sample /11/. Heavy fragments from t h e spontaneous f i s s i o n o f Cf-252 p e n e t r a t e t h e f o i l and desorb secondary i o n s , whose masses a r e measured b y t h e i r f l i g h t times a f t e r a c c e l e r a t i o n .
Recently, two a l t e r n a t i v e approaches t o t h e simple e l e c t r o s p r a y i n g technique have been developed. These i n c l u d e t h e a d d i t i o n o f t h e t r i p e p t i d e g l u t a t h i o n e t o t h e a c i d i c s o l u t i o n used t o e l e c t r o s p r a y t h e sample /12/ and t h e use o f n i t r o c e l l u l o s e s u r f a c e s f o r a d s o r p t i o n o f t h e sample /13/. What i s remarkable i s t h a t t h e y have i d e n t i c a l e f f e c t s on t h e mass s p e c t r a : an increase i n t h e m o l e c u l a r i o n s i g n a l r e l a t i v e t o t h e i n c o h e r e n t b a s e l i n e , an i n c r e a s e i n t h e abundance o f m u l t i p l y -c h a r g e d i o n s , and a s i g n i f i c a n t decrease i n t h e s p e c t r a l peak widths /12,14,15/. I n both cases, i t has been suggested t h a t such f e a t u r e s r e f l e c t a l o w e r i n g o f t h e b i n d i n g energy between sample and s u b s t r a t e /12,15/.
A d d i t i o n a l l y , A l a i , et. a1 
/ has shown t h a t m o l e c u l a r i o n s o f p o r c i n e i n s u l i n desorbed from n i t r o c e l l u l o s e undergo l e s s metastable f r a g m e n t a t i o n than those from e l e c t r o s p r a y e d f o i l s .
I n t h i s study, two p e p t i d e s : bovine m i l k c ( -l a c t a l b u m i n and c h i c k e n egg w h i t e lysozyme, w i t h s i m i l a r m o l e c u l a r weights (14,176 and 14,307 amu r e s p e c t i v e l y ) , s i m i l a r t e r t i a r y s t r u c t u r e s , b u t d i f f e r e n t i s o e l e c t r i c p o i n t s ( P I = 5 and 11 r e s p e c t i v e l y ) , a r e compred. I n b o t h cases, t h e i s o e l e c t r i c p o i n t can be c o r r e l a t e d w i t h b i o l o g i c a l a c t i v i t y and s t a b l e conformations. Davies and coworkers /19/ have s t u d i e d t h e enzymatic and l y t i c a c t i v i t y o f lysozyme as a f u n c t i o n o f t h e i o n i c s t r e n g t h o f s o l u t i o n s o f t h e p e p t i d e a t d i f f e r e n t pH. At low i o n i c s t r e n g t h , maximum enzymatic a c t i v i t y occurs a t a pH o f 9.2, w h i l e l y t i c a c t i v i t y i s v e r y h i g h above pH 10. Saint-Blancard, et. a l . /20/ have confirmed t h e l y t i c a c t i v i t y a t h i g h pH, and suggested t h a t t h e i s o e l e c t r i c p o i n t r e p r e s e n t s a v e r y s t a b l e conformational s t r u c t u r e . For l a c t a l b u m i n , Hanssens e t . a l . /21/ have used fluorescence measurements t o determine t h a t maximum s t a b i l i z a t i o n o f conformation occurs i n t h e range o f pH 5-4, near t h e i s o e l e c t r i c p o i n t . Thus, we examined b o t h t h e abundances o f m u l t i p l y charged i o n s and t h e peak w i d t h s i n t h e mass s p e c t r a o f lysozyme and l a c t a l b u m i n , which were prepared i n s o l u t i o n s o f d i f f e r e n t pH p r i o r t o a d s o r p t i o n on n i t r o c e l l u l o s e . A d d i t i o n a l l y , s i n c e t h e p e p t i d e g l u t a t h i o n e has a l s o been r e p o r t e d as a r e f o l d i n g reagent /16/, we measured abundances and peak w i d t h s as w e l l f o l l o w i n g t h e a d d i t i o n o f i n c r e a s i n g amounts o f g l u t a t h i o n e t o t h e sample s o l u t i o n .
-EXPERIFIENTAL METHODS
Mass s p e c t r a l measurements were made u s i n g a BIO-ION Nordic (Uppsala, Sweden) BIN 10K plasma d e s o r p t i o n mass spectrometer, equipped w i t h a 10 uCi source o f Cf-252.
Data were acquired on a PDP 11/73 microcomputer, w i t h a t i m e r e s o l u t i o n o f 1 ns/channel. Chicken egg w h i t e lysozyme and bovine mi.lk 4 -l a c t a l b u m i n were purchased from Sigma Co.
I n t h e f i r s t experiment samples were d i s s o l v e d i n aqueous s o l u t i o n s o f a c e t i c a c i d and ammonium hydroxide a t d i f f e r e n t c o n c e n t r a t i o n s t o achieve a range o f pH from 1 t o 11, deposited on n i t r o c e l l ulose-coated f o i l s , and anlyzed a f t e r 6-8 hours.
I n t h e second experiment, 100 ug o f p e p t i d e was d i s s o l v e d i n s o l u t i o n s o f g l a c i a l a c e t i c a c i d c o n t a i n i n g v a r i o u s c o n c e n t r a t i o n s o f g l u t a t h i o n e , and then e l e c t r o s p r a y e d o n t o a1 uminized m y l a r f o i l s .
-RESULTS AiID DISCUSSIOrl
F i g u r e 1 shows t h e peak w i d t h s o f t h e s i n g l y -, doubly-and t r i p l y -c h a r g e d m o l e c u l a r i o n s o f l a c t a l b u m i n deposited on n i t r o c e l l u l o s e as a f u n c t i o n o f pH. Near t h e i s o e l e c t r i c p o i n t ( P I = 5 ) t h e peak w i d t h s reach a minimum, w h i l e t h e m o l e c u l a r i o n i n t e n s i t i e s and t h e r a t i o o f h i g h e r charged species ( d a t a n o t shown) reach a maximum. F i g u r e 2 shows t h e r e s u l t s from a s i m i l a r experiment w i t h lysozyme ( P I = 11) where t h e minimum peak w i d t h s a r e achieved a t very h i g h pH.
When lysozyme and l a c t a l b u m i n a r e " t i t r a t e d " w i t h g l u t a t h i o n e ( d a t a n o t shown) m o l e c u l a r i o n i n t e n s i t i e s and charge s t a t e s increase, w h i l e peak w i d t h s decrease u n t i l t h e molar r a t i o ( g l u t a t h i o n e / p e p t i d e ) i s about 20 t o 30, a f t e r which these parameters remain f a i r l y c o n s t a n t /22/.
I n b o t h cases, a v e r y c l e a r "endpoint" i s observed. The decreased peak w i d t h s for lysozyme (70-8011s) and l a c t a l b u n i n (100-120IIs) a r e comparable t o t h e minima i n 51e n i t r o -~l l u l c s e ex,xzi.zzts. I n t e r a c t i o n s between p e p t i d e s and n i t r o c e l l u l o s e a r e hydrophobic /23,24/, w i t h t h e hydrophobic s u r f a c e s l o c a t e d p r i m a r i l y i n s i d e t h e n a t i v e p r o t e i n /25/. The b i n d i n g o f peptides t o n i t r o c e l l u l o s e increases w i t h time, which i s r e f l e c t e d i n i n c r e a s i n g peak w i d t h s i n t h e mass s p e c t r a when t h e sample i s analyzed s e v e r a l hours a f t e r adsorption.
I n t h i s case, t h e 6-8 hour " i n c u b a t i o n " p e r i o d serves t o " a m p l i f y " t h e e f f e c t s o f t h e pH o f t h e s o l u t i o n b e f o r e t h e p e p t i d e was adsorbed.
Since t h e e f f e c t s o f pH on t h e conformational s t r u c t u r e o f these two p r o t e i n s has been w e l l documented /19-21/, i t i s c l e a r t h a t t h e peak w i d t h s r e f l e c t t h e t e r t i a r y s t r u c t u r e .
I n t h e case o f t h e n i t r o c e l l u l o s e surface, p a r t i a l u n f o l d i n g a t extreme pH may a c c e l e r a t e exposure o f t h e hydrophobic r e s i d u e s t o t h e s u r f a c e and i n c r e a s e binding.
On t h e o t h e r hand, t h e g l u t a t h i o n e m a t r i x , we suspect, serves t o preserve t h e n a t i v e s t r u c t u r e s through t h e e l e c t r o s p r a y process, and thus achieves t h e same e f f e c t .
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